The World Health Organization recommends that pregnant women in malaria-endemic areas receive Ն 2 doses of intermittent preventive treatment with sulfadoxine-pyrimethamine (IPTp/SP) in the second and third trimesters of pregnancy to prevent maternal anemia, placental parasitemia, and low birth weight (LBW). In 2001, a program evaluation in Koupéla District, Burkina Faso demonstrated that despite widespread use of chloroquine chemoprophylaxis, the burden of malaria during pregnancy remained high. In 2003, the Burkina Faso Ministry of Health piloted a program of IPTp/SP (three doses) and accelerated distribution of insecticide-treated nets (ITN) to pregnant women in Koupéla District. In 2004, a follow-up program evaluation was conducted. Coverage with Ն 1 doses of IPTp/SP was high among women attending antenatal clinics (ANCs) (96.2%) and delivery units (DUs) (93.5%); ITN ownership was moderately high (ANC ‫ס‬ 53.9%, DU ‫ס‬ 61.6%). In multivariate analysis, Ն 1 dose of IPTp/SP was associated with a significant reduction in the prevalence of peripheral parasitemia at ANCs (risk ratio [RR] ‫ס‬ 0.49, P ‫ס‬ 0.008), Ն 2 doses of IPTp/SP were associated with a reduction in the prevalence of placental parasitemia (RR ‫ס‬ 0.56, P ‫ס‬ 0.02), and three doses of IPTp/SP were associated with a reduced risk of LBW (RR ‫ס‬ 0.51, P ‫ס‬ 0.04). The proportions of women at ANCs with peripheral parasitemia and anemia were significantly lower in 2004 than in 2001 (RR ‫ס‬ 0.53, P ‫ס‬ 0.001 and RR ‫ס‬ 0.78, P ‫ס‬ 0.003, respectively). The proportions of women at DUs with peripheral and placental parasitemia were also significantly lower in 2004 than in 2001 (RR ‫ס‬ 0.66, P < 0.0001 and RR ‫ס‬ 0.71, P ‫ס‬ 0.0002, respectively). These data suggest that a package of IPTp/SP and ITNs is effective in reducing the burden of malaria during pregnancy in Burkina Faso.
INTRODUCTION
Malaria infection during pregnancy poses substantial risk to the mother, her fetus, and the neonate. In areas of stable malaria transmission such as Burkina Faso, where adult women have considerable acquired immunity, Plasmodium falciparum infection during pregnancy typically does not cause symptomatic malaria, but may lead to maternal anemia and placental malaria infection, especially among primigravidae and secundigravidae. 1, 2 This placental malarial infection contributes to low birth weight (LBW), a major contributor to infant mortality. 3 Malaria infection even when asymptomatic is associated with maternal anemia, which may also contribute to LBW. Malaria contributes up to 15% of maternal anemia, 14% of LBW, 30% of preventable LBW, 70% of intrauterine growth retardation, 36% of premature delivery, and 8% of infant mortality. 2 To prevent malaria during pregnancy and its adverse outcomes, the World Health Organization (WHO) recommends at least two doses of intermittent preventive treatment with sulfadoxine-pyrimethamine (IPTp/SP) during the second and third trimesters of pregnancy. 4 Clinical trials [5] [6] [7] [8] [9] and program evaluations [10] [11] [12] in stable transmission areas have shown that this intervention is safe, efficacious, and effective in preventing maternal anemia, placental parasitemia, and LBW. 7, 12, 13 Since chloroquine resistance is increasing in almost all malariaendemic areas and treatment adherence to weekly chloroquine chemoprophylaxis is low, it is no longer recommended. 4 Because of the WHO recommendation of IPTp/SP and in-creasing chloroquine resistance in Burkina Faso, the Burkina Faso Ministry of Health, in collaboration with JHPIEGO Corporation and the Centers for Disease Control and Prevention, conducted an evaluation in 2001 in Koupéla District to determine coverage of chloroquine chemoprophylaxis and the burden of malaria during pregnancy. 14 The assessment showed moderately high rates of malaria during pregnancy despite widespread use of chloroquine chemoprophylaxis and no association between use of chloroquine chemoprophylaxis and reduction in adverse outcomes such as anemia, LBW, and prematurity. 14, 15 In February 2003, the Burkina Faso Ministry of Health implemented a pilot program of IPTp/SP in Koupéla District as part of a package of focused antenatal care. From June to November 2004, approximately 17 months after IPTp implementation began in Koupéla District, a follow-up assessment was conducted at the same sites used in the 2001 baseline assessment. 15 To compare these new results to the baseline assessment, the focus remained on the same outcome measures, including maternal anemia, placental and peripheral parasitemia, and LBW.
MATERIALS AND METHODS
Assessment sites. The assessment was completed at eight sites in Koupéla District from June to November 2004. Six antenatal clinics (ANCs) were included, with two located in the major towns of Koupéla and Pouytenga and four located in more rural areas. Two delivery units (DUs) were chosen (Koupéla and Pouytenga) because they represent the only two high-level delivery facilities in the district. These sites were the same as those sampled in the 2001 baseline evaluation. 15 Assessment subjects. At ANCs, enrollment was limited to women in their third trimester (Ն 28 weeks gestation) who were Ն 15 years of age, gave informed consent, and were not reportedly allergic to antimalarial medications. Women enrolled in the ANCs were seen only once by our assessment staff immediately after they had completed their routine ANC visit at which time they were given IPTp/SP. Therefore, each woman is represented only once in the analysis. At the DUs, enrollment was limited to women who were Ն 15 years of age who had placentas available, gave informed consent, and were not reportedly allergic to antimalarial medications.
Informed consent was obtained after reading the consent document to the woman in the local language. The assessment received human subjects approval from the Centers for Disease Control and Prevention (Atlanta, GA), the Western Institutional Review Board (Institutional Review Board of record for JHPIEGO), and the Burkina Faso Ethical Committee for Health Research.
Clinical procedures. Enrolled women were administered a questionnaire focused on sociodemographic characteristics, history of fever and antimalarial drug use, and the use of antimalarial chemoprophylaxis and insecticide-treated nets (ITNs). At ANCs, an axillary temperature measurement (± 0.1°C) was taken. Capillary blood was obtained through a finger stick for a hemoglobin (Hb) measurement (ANC) and malaria blood film preparation (ANC and DU). At the DUs, placental blood films were prepared from the maternal side of the placenta. Excess blood was wiped away, a cut was made into the surface, and pooled blood was placed onto a slide. Neonates were weighed (± 10 grams) using an electronic digital scale (Tanita Corporation, Tokyo, Japan).
Laboratory procedures. All blood films were stained with Giemsa and examined for parasites. Slides were fixed and stained daily and transported weekly to the laboratories of the Centre National de Recherche et de Formation sur le Paludisme in Ouagadougou. For thick films, parasites and leukocytes were counted in the same fields until 500 leukocytes were counted. Parasite densities were estimated using an assumed leukocyte count of 8,000 leukocytes/L. Thin films were used to determine species when thick films were positive. All blood films were read twice at a reference laboratory. Discordant results were given a third reading, the result of which was considered final. Hemoglobin was measured (± 0.1 g/dL) using a Hemocue machine (Hemocue AB, Ångelholm, Sweden).
Treatment of anemia and malaria. Women found to be anemic at ANCs (Hb level < 11 g/dL) were treated per national guidelines with ferrous sulfate (200 mg) and folic acid (0.25 mg) given as a single combined tablet daily for 30 days. All febrile women (axillary temperature Ն 37.5°C) in the assessment and women at ANCs who reported episodes of fever in the week before enrollment had a rapid diagnostic test (RDT) for malaria performed (OptiMAL-IT; DiaMed AG, Cressier sur Morat, Switzerland). Women with a positive RDT result were given treatment with either quinine or SP based on the national malaria treatment guidelines for pregnant women.
Definitions. All blood films were considered positive if any asexual stage parasites were identified, and negative if no parasites were seen in 100 fields. We defined anemia as a Hb level < 11 g/dL, moderate-to-severe anemia as a Hb level < 8 g/dL, 16 and LBW as < 2,500 grams.
Statistical analysis. Data were double entered and validated using Epi-Info version 6 (Centers for Disease Control, At-lanta, GA). Univariate analyses were performed using chisquare or Fisher's exact tests to compare proportions for categorical variables. The chi-square test for trend was used to compare proportions across three or more groups. The Kruskall-Wallis test (birth weight) and the Wilcoxon rank sum test (Hb) were used to compare continuous variables with non-normal distributions. Doses of IPTp/SP were collapsed into any dose versus no dose for stratified analysis at ANCs because of limited sample size within strata. To evaluate the relationship of IPTp/SP use and peripheral malaria infection, anemia, placental malaria infection, and LBW, Poisson log-linear models were constructed through backward elimination. Use of IPTp/SP was maintained in each of the models regardless of statistical significance. Tests were considered significant when the two-sided P value was < 0.05. Stata software release 7.0 (Stata Corporation, College Station, TX) and SAS release 9.1 (SAS Institute, Cary, NC) were used for all analyses.
RESULTS
We enrolled 826 women at the 6 ANCs and 1,188 women at the 2 DUs. Overall, 20 eligible women (2.4%) refused enrollment at ANCs and 33 (2.8%) at DUs. Characteristics of enrolled women. Characteristics of enrolled women are summarized in Table 1 . The median age of enrolled women at the ANC and DU sites was 25 and 24 years, respectively. Most women spoke Mooré. Self report indicated that 53.9% of the women enrolled at ANCs and 61.6% of the enrolled women at DUs owned a bed net. Of those who owned bed nets, more than half of the nets were treated with insecticide.
The proportion of women who took any dose of IPTp/SP was 93.5% among those enrolled at ANCs and 96.2% of those enrolled at DUs. Two or more doses of IPTp/SP (WHO standard) were taken by 57.6% of women at ANCs and 78.6% at DUs. The pilot program's recommended three doses of SP were taken by 20.9% of enrolled women at ANCs and 46.9% of enrolled women at DUs. The median gestational age at start of first dose of SP was 28 weeks for those at ANCs and 27 weeks for those at DUs.
Malaria parasitemia and anemia among women at ANCs. The overall proportion of pregnant women who had P. falciparum infection was 25.1% (0.36% were infected with P. malariae and 0.24% with P. ovale), ranging from 29.3% in primigravidae to 20.4% in multigravidae (P ‫ס‬ 0.003, by chi-square test for trend; Table 2 ). Among pregnant women with at least one prior ANC visit, the proportion of parasitemic primigravidae was lower among those with Ն 1 dose of IPTp/SP (16.7%) than among women with no use of IPTp/SP (44.4%; P ‫ס‬ 0.01). This difference was not observed for secundigravidae or multigravidae.
Among all women, 28.2% reported having had one or multiple episodes of fever during the course of their pregnancies. Among pregnant women with at least one prior ANC visit, the proportion reporting fever was lower among those with Ն 1 dose of IPTp/SP (29.1%) than among women with no use of IPTp/SP (52.5%; P ‫ס‬ 0.0002; Table 2 ).
Among pregnant women with Ն 1 ANC visit, the mean Hb level was not statistically different between women with Ն 1 dose of IPTp/SP and women with no use of IPTp/SP ( Table  2 ). The proportion of anemia among all women was 63.7%; 4.8% had moderate-to-severe anemia. There were no differences in the proportion of women with anemia or moderateto-severe anemia when comparing women who did or did not take IPTp/SP ( Table 2) . Multivariate analysis showed a statistically significant association between use of IPTp/SP (Ն 1 dose) and peripheral parasitemia at ANC (risk ratio [RR] ‫ס‬ 0.49, P ‫ס‬ 0.008; Table  3 ) after adjusting for gravidity, number of ANC visits, fever within week before enrollment, and living in a rural area.
In multivariate analysis, the use of IPTp (Ն 1 dose) was not associated with maternal anemia at ANCs (Table 3 ). High use of ANC services (Ն 3 ANC visits) was associated with a reduced risk of anemia when compared with those having made no ANC visits ( Table 3) .
Malaria parasitemia and birth outcomes among delivering women. Overall, 19.4% of delivering women had peripheral P. falciparum infection (0.08% were infected with P. malariae and no women were infected with P. ovale) ranging from 22.9% in primigravidae to 20.0% in secundigravidae and 17.1% in multigravidae (P ‫ס‬ 0.03, by chi-square test for trend) (Table 4 ). Overall, the proportion of women with peripheral parasitemia was lower among those with three doses of IPTp/SP (17.4%) than among those with no dose of IPTp/SP (36.8%). This difference was also significant in stratified analysis for primigravid and secundigravid women but not for multigravid women (Table 4) .
Overall, 15.9% of delivering women had placental P. falciparum infection (no women were infected with either P. malariae nor P. ovale), which varied from 23.4% in primigravidae to 10.9% in multigravidae (P < 0.0001, by chi-square test for trend) (Table 4 ). Overall, the proportion of women with placental parasitemia was lower among those with three doses of IPTp/SP (13.7%) than among those with no IPTp/SP (30.3%). This difference was also significant in stratified analysis for primigravid and secundigravid women but not for multigravid women (Table 4) . Among all delivering women, 27.9% reported having one or multiple episodes of fever during the course of their pregnancies ( Table 4 ). The proportion of delivering women reporting fever was lower among those with three doses of IPTp/ SP (29.6%) than among those with no use of IPTp/SP (38.2%).
The overall proportion of delivering women who reported episodes of fever within the week before enrollment was 2.7% ( Table 4 ). The proportion of women reporting fever in the week before enrollment was lower among those with three doses of IPTp/SP (2.7%) than among those with no use of IPTp/SP (7.9%).
Among all delivering women, 20.8% reported having used antimalarials for treatment during the course of their pregnancies ( Table 4 ). The proportion of delivering women reporting antimalarial use was lower among those with three doses of IPTp/SP (22.3%) than among women with no use of IPTp/SP (31.6%).
The mean ± SD singleton live-born birth weight was 2,981 ± 438 grams (Table 4 ). Overall, the mean singleton live-born birth weight was 3,062 grams for three SP doses, 2,941 grams for two SP doses, 2,869 grams for 1 SP dose, and 2,861 grams for no SP doses (P < 0.0001).
The overall proportion of delivering women with an LBW live-born singleton was 12.2%, ranging from 23.9% in primigravidae to 5.9% in multigravidae (P < 0.0001, by chi-square test for trend, Table 4 ). Overall, the proportion of women with an LBW infant was lower among those with three doses of IPTp/SP (7.8%) than among those with no IPTp/SP (24.2%). This difference was noted for primigravid and multigravid women but not for secundigravid women (Table 4) .
In multivariate analysis, women who took two or three doses of IPTp/SP had a lower risk of placental parasitemia when compared with those who took no doses (RR ‫ס‬ 0.56 and 0.51, P ‫ס‬ 0.006 and P ‫ס‬ 0.02) ( Table 5 ). Low gravidity, a history of treatment with an antimalarial during pregnancy, living in a rural area, and having no education were also independent risk factors for placental malaria infection.
In multivariate analysis, women who took three doses of IPTp/SP had a lower risk of delivering LBW infants when compared with those who took no dose (RR ‫ס‬ 0.51, P ‫ס‬ 0.04; Table 5 ). Women who had Ն 3 ANC visits had a lower risk of having an LBW infant compared with those who had no ANC visit (RR ‫ס‬ 1.39, P ‫ס‬ 0.01). Low gravidity and being female were also independently associated with increased risk of LBW. 
Comparison between 2001 (baseline) and 2004 (followup).

DISCUSSION
In a rapid assessment of a program to prevent malaria during pregnancy in Koupéla District, Burkina Faso, we found very high coverage with the primary intervention (IPTp/SP) among women attending antenatal and delivery facilities. The proportion of women with peripheral and placental parasitemia and with anemia was significantly lower in the 2004 assessment than in 2001. We also found in multivariate analysis that use of IPTp/SP was associated with reductions in peripheral parasitemia among women attending ANCs, and peripheral and placental parasitemia and LBW among delivering women. In general, this effect was statistically significant for women who received two or three doses of IPTp/SP, but not for women receiving a single dose. Only taking three doses of IPTp/SP was associated with a reduction in LBW. As we found in the baseline assessment in 2001 and has been observed elsewhere, [17] [18] [19] primigravid women, and to a lesser extent secundigravid women, were at greater risk of peripheral and placental parasitemia and LBW; we did not note this association for anemia in the 2004 assessment. In stratified analysis, the association between IPTp/SP use and a reduction in malaria during pregnancy was generally stronger (and only significant) for primigravid and secundigravid women, although the assessment was not powered to examine these stratified differences.
Our evaluation also showed an increase in the ownership of ITNs by pregnant women in Koupéla District. More than half of women reported owning a bed net in 2004, increased from one-third of the women in 2001. Multivariate analysis of the 2004 data did not show an association between ITN ownership and a reduction in malaria during pregnancy or its adverse consequences, perhaps because of the high coverage with IPTp/SP in this population.
Although we cannot be sure that the reduction in malaria during pregnancy observed from 2001 to 2004 is attributable to IPTp/SP and ITNs, this remains the most likely explanation. The assessment sites chosen and the time frame used were identical between 2001 and 2004. There have been no other known changes to the malaria control strategy or to malaria transmission in the district that would plausibly account for the observed reduction. In fact, the average amount of rainfall for the months of June through October was greater in 2004 than 2001 and the number of cases of uncomplicated and severe malaria was also greater in 2004 than 2001. These differences should have biased our results towards the null hypothesis.
The principal findings of this assessment are concurrent with published efficacy trials 5-9 and program effectiveness evaluations. [10] [11] [12] For example, a clinical trial in Mali found that IPTp/SP was more efficacious in reducing adverse outcomes compared with chloroquine chemoprophylaxis or two doses of IPTp/SP with chloroquine. 5 The effectiveness of IPTp/SP has also been demonstrated in previous studies. [10] [11] [12] In Malawi, a program evaluation showed that IPTp/SP was associated with reductions in anemia, placental parasitemia, and LBW (comparing Ն 2 doses of SP with no dose). 10 The assessment has several important limitations. The evaluation was completed during the peak malaria transmission season from June through November (the same time period as the baseline). Given the seasonal variation in the region, overall proportions of parasitemia may be overestimated. However, the risks associated with peripheral and placental parasitemia are not thought to be seasonally dependent and therefore should not bias results demonstrating associations between the use of IPTp/SP and reductions in peripheral and placental malaria infection and LBW. Although enrollment of women at ANCs was limited to those in their third trimester, a number of women were nonetheless presenting for a first ANC visit, and therefore, were receiving their first dose of IPTp/SP. Some women took IPTp/SP doses at home rather than observed in clinic; it is possible that not all of these doses were actually taken as reported. In addition, preand post-intervention assessments such as were done in Koupéla District are prone to the introduction of hidden biases. Although we made every effort to make the assessments comparable (in terms of sites and timing of enrollment), and we have data that suggest 2004 was a year with an even greater malaria burden than 2001, it is possible that the populations differed in unmeasured ways that might have affected the results. Finally, data regarding bed net ownership and usage was gathered from self-report because observational data on bed nets and their use could not be collected in the context of this facility-based assessment. The fact that such high coverage rates with IPTp/SP (and with ITNs) were achieved in the 17 months during which this pilot program was ongoing demonstrates that the intervention is appropriate and feasible for Burkina Faso. However, this pilot experience also uncovered some programmatic challenges that will need addressing if the program is to be scaledup nationally. One is that more than half of all enrolled women at both ANCs and DUs took SP at home, not as directly observed therapy (DOT), as was stated in the guidelines.
The reasons given by health care workers for this failure to follow the DOT guidelines included women not bringing their own water or cup to an ANC visit (although those items were supposed to be available in all clinics) and some health care workers believing erroneously that SP should not be given to a woman who had not eaten prior to her ANC visit. These health care workers advised women to take the drug at home at dinner time. There is no evidence of any side effects of SP if taken on an empty stomach and the WHO guidelines for malaria prevention during pregnancy using IPTp/SP do not include such a limitation. 4 Another limitation was that women were often charged for the SP, despite the initial Ministry of Health declaration that the medicine would be free.
The fact that such high coverage was achieved in the face of charging for the intervention is surprising and encouraging and may have a direct relationship to improved quality of antenatal care services. Finally, women continue to come relatively late for antenatal care. Although WHO recommends four ANC visits, one of which should take place before quickening, women at the health facilities in this assessment did not make a first ANC visit until a median of 28 weeks gestation for ANCs and 24 weeks gestation for DUs. This late delivery of a first dose of IPTp likely results in diminished effectiveness of the intervention. Our finding that an increase in number of ANC visits is independently correlated with a reduction in many of the relevant indicators of malaria during pregnancy only serves to underscore the importance of access to quality ANC services.
Currently, WHO recommends that pregnant women living in malaria-endemic areas receive at least two doses of IPTp/ SP during their scheduled ANC visit in the second or third trimesters. These program data continue to lend support to the effectiveness of this intervention. These data also suggest that a package of three doses of IPTp/SP and ITNs is † Model retains IPTp/SP regardless of significance. Other variables evaluated for this model, but not retained, include insecticide-treated net (ITN) use or ownership, age, socioeconomic indicators (type of floor, ownership of radio, bicycle, moped, car), history of fever, and peripheral malaria parasitemia at delivery; n ‫ס‬ 1,173.
‡ Information for correct number of SP doses was obtained from ANC cards. § Analysis restricted to live-born singleton neonates (n ‫ס‬ 1,136). ¶ Model retains IPTp with SP regardless of significance. Other variables evaluated for this model, but not retained, include ITN use or ownership, age, history of fever, malaria treatment, placental parasitemia, socioeconomic indicators (type of floor, ownership of radio, bicycle, moped, car), living in a rural area, mid-upper-arm circumference, short height, and delivery site. effective in reducing malaria during pregnancy and its adverse outcomes in Burkina Faso. It would be worthwhile to investigate the impact of this package elsewhere in sub-Saharan Africa.
Although the follow-up assessment in Koupéla District was not powered to look at two versus three doses of SP, multivariate analysis showed that women who took three doses of SP had a significantly lower risk of delivering an LBW infant compared with those who took no dose of SP. This package of three doses of SP and ITNs appears to reduce adverse outcomes of malaria infection during pregnancy and it is plausible that an intervention aiming at three doses may result in more women getting Ն 2 doses of SP. Furthermore, it is evident that an overall improvement of ANC services including multiple interventions may inherently lower a woman's risk of malaria infection during pregnancy.
In summary, this program assessment in Burkina Faso demonstrated high coverage rates with IPTp and ITNs, and showed a reduction in the proportion of women with malaria during pregnancy and its adverse outcomes when comparing 2004 with 2001 (when a program of chloroquine chemoprophylaxis was in place). These results suggest that IPTp/SP and ITNs may be a more effective strategy to prevent malaria during pregnancy in Burkina Faso than chloroquine chemoprophylaxis.
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